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First appearing on the commercial market in the mid 1980's, diode-pumped, 
continuous-wave (cw) Nd:Y AG lasers have more recently been used to obtain visible output, 
by the incorporation of frequency doubling optics in the laser cavity.The laser diode pumping 
of a Nd:Y AG laser rod is selective and highly efficient, resulting in compact, high power, 
lEMoo spatial mode lasers. Frequency-doubling processes are non-linear and lead to doub1ing 
only of the high energy fundamental temporal mode, resulting in operation of the 532 nm laser 
in a single spatial and single longitudinal mode. The technology is rapidly advancing, and 
green lasers with energies of up to IW could soon be availab1e. The beam properties of the 
lasers described above are highly desirable in the field of interferometry, where such lasers are 
now in direct competition with the much larger Argon lasers, which have already been 
employed in high power interferometric systems. We describe here the performance of a 
modified Michelson interferometer [1-4], built to incorporate a 90 mW ADLAS 300 diode-
pumped Nd: Y AG laser. In previous versions of the Michelson interferometer, we have used 
HeNe lasers with a few milli watts output, requiring mirror-quality surfaces on our sampies. A 
90 m W laser power enables us to make displacement measurements on metal surfaces with 
little or no preparation. The laser could also, of course, be used in other, more elaborate 
interferometer types, such as the confocal Fabry-Perot, which are better suited to industrial 
environments. 
After abrief description of the Adlas laser and the Miche1son interferometer into which 
it was built, we present the results of aseries of measurements made on a number of different 
surfaces, both polished and rough. The interferometer detected ultrasound that was generated, 
on the opposite side of the plate sampies, by a Q-switched Nd:Y AG laser in an on-epicenter 
configuration. The generating laser beam could be focussed to increase the power density at 
the sam pie surface, or passed through neutral density filters to reduce the source power. In 
this way we have been able to generate ultrasound in both the thermoelastic and laser-ablating 
regimes [5, 6, 7] and to compare the results detected on the different surfaces. Interferometer 
sensitivities and noise levels under these conditions are also discussed. 
DESCRIPTION OF A DIODE-PUMPED ND:YAG LASER INTERFEROMElER 
The Adlas 300 laser, shown in Fig. I, is pumped by a diode laser with an emission 
wavelength sensitive to changes in temperature, enabling tuning of the diode wavelength to 
one of the Nd ion absorption bands. The diode laser beam is highly divergent, but can 
nonetheless be focussed by Lens I through Mirror 1 to image upon the laser rod. 1064 nm 
radiation emitted by the laser rod is nearly perfectly reflected by Mirror I and passes back 
through the rod, a polariser and a frequency-doubling crystal before reflecting at Mirror 2, 
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Fig. I Schematic diagram of modified Michelson Interferometer incorporating an Adlas 300 
frequency-doubled Nd: Y AG laser. Pbs Polarising beam-splitter cube. 
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which is also highly reflective at 1064 nm and thus acts as the other end of the laser resonating 
cavity. Radiation builds up in the cavity until the intensities become high enough to activate 
the non-linear frequency-doubling process. Light at 532 nm is not reflected so highly by the 
mirrors and can escape to be collimated by Lens 2. Any l064 nm radiation which may also 
escape through Mirror 2 will have been diverted by the frequency-doubling optics and can be 
stopped by the aperture. The emerging beam has a divergence of 1 mrad, and contains 
linearly-polarised, TEMoo radiation in a single longitudinal mode. 
Optical feedback from the interferometer into the laser cavity is eliminated through the 
use of polarising optics [3, 4]. The polarised laser beam can be rotated by the half-wave plate, 
before being split by a polarising cube beam-splitter. In this way the relative amplitudes of the 
light in the two arms can be adjusted to optimise the signal-to-noise ratio as the condition of 
the sample surface is altered. On highly-polished surfaces the interferometer is operated using 
a neutral density filter, to avoid saturation of the amplifier circuitry when the interferometer is 
out of stabilisation, although this diminishes the sensitivity of the stabilised system. The 
quarter-wave plates ensure that light, retuming back along the two interferometer arms after 
reflection at the ends, will be polarised orthogonally to the outgoing light, and thus directed 
onto the photodiodes by the beam-splitter cube. 
A common problem, encountered when making precision measurements of acoustic 
transients with a Michelson interferometer, is that of mode-beating. More than one laser 
longitudinal mode (for a HeNe with over 2 m W power, 3 or more are likely) allows beating 
between the individual modes at frequencies of the order of hundreds of MHz, and thermal 
drift between threeor more modes causes the beats to beat with frequencies in the same range 
as those of laser-generated ultrasonic signals. In interferometers built with such lasers, the 
mode-beating is minimised if the two arms are of equallength, or differ by integral multiples 
of the laser cavity length: satisfactory operation normally requires the sample distance to lie 
within 1 mm of an optimum value. With a single longitudinal mode laser, mode-beating is 
eliminated and the interferometer can sit any distance from the sample within the constraint of 
the coherence length (9 m for the Adlas 300 laser). The interferometer is thus far more flexible 
and we have reduced substantially the shot-to-shot variations between laser-generated 
waveforms. However, maximum interference is still achieved when the two arm lengths are 
equal, due to the beam divergence. The wavefront curvatures in the two beams are identical 
onl y when the path differences are equal, and interference is reduced as a result of the relative 
change in curvature arising when the reference and sample beam path lengths diverge. 
Displacements normal to the sample surface are sensed by the interferometer, averaged over 
the area of surface under the light beam. In order to resolve fine spatial detail on the acoustic 
waveforms, it is thus necessary to focus the laser spot down as tightly as possible at the ends 
of the two arms. This is achieved with the two f = 160 mm anti-reflection coated lenses (Lens 
3) placed at 160 mm from the sample surface and reference mirror. The spot size achieved in 
this way is of the order of 0.025 mm. Low frequency oscillations of the sample, resulting 
from ambient vibrations, are stabilised up to 700 Hz using a feedback loop from the detection 
amplifier to an electromagnetic vibrator upon which the reference mirror is mounted. The 
stabilisation point is chosen to maximise the region over which the surface displacement is 
linear with interference intensity, and connections to the vibrator are adjusted to give a positive 
displacement for movement towards the interferometer. 
The bandwidth for the system is limited at low frequencies by the feedback stabilisation loop. 
The I ns rise-time of the BPX65 pin-photodiode detectors, combined with a 3 ns rise-time in 
the Comlinear CLC103AI amplifier circuitry, determine a high frequency limit ofthe order of 
70 MHz, with 4 ns rise-time. The photodiodes are chosen to have as sm all an area as 
possible, in order to minimise the rise-time, and operated in a balanced configuration to 
minimise the effects of intensity modulations on the laser beam. Light is channelled into the 
photodiodes via a second polarising beam-splitter, angled at 450 to the orthogonally-polarised 
beams which arrive through the aperture and would otherwise not interfere. The output is 
captured on a Lecroy digital storage oscilloscope. 
ON EPICENTER ULTRASONIC ARRIVALS ON SURFACES OF V ARYING QUALITY 
Figs. 2 to 5 show the on-epicenter waveforms captured by the interferometer on 
samples with differing surface qualities.In each case, the ultrasound was generated by a 
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Fig. 2 On-Epicenter ultrasonie arrivals on 10.0 mm thick polished steel, using source in 
a) thermoelastic regime, b) intermediate regime, c) strong ablation regime. 
Table I. Data for modified Michelson interferometer measurements on polished steel surface 
Property Strong ablation Intermediate Thermoelastic 
Source laser power densities [ MW cm,2 ] 
Interferometer laser power [ m W ] 
Rms noise levels [ pm ] 
Interferometer sensitivity [ V/nm] 
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5100 
18 
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0.134 
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Fig. 3 On-Epicenter ultrasonic arrivals on 9.90 mm thick polished aluminum, from source in 
a) thelmoelastic regime, b) intermediate regime, c) strong ablation regime. 
Table 2. Data for Michelson intelferometer measurements on polished aluminum suIface 
Property Strong ablation Intermediate 
Source laser power densities [MW cm·2 ] 
Interferometer Ia.<;er power [ m W ] 
Rms noise levels [ pm ] 
Interferometer sensitivity [ V/nm] 
5100 
18 
8 
0.137 
140 
18 
8 
0.137 
Thermoelastic 
7.1 
45 
3 
0.348 
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Fig. 4 On-Epicenter ultrasonic anivals on 9.90 mm thick milled a1uminum, ti'om source in 
a) thennoelastic regime, b) weak ablation regime, c) strong ablation regime. 
Table 3. Data for Michelson interferometer measurements on milled aluminum surface 
Property Strong ablation Weak ablation 
Source laser power densities [ MW cm·2 ] 
Interferometer laser power [ m W ] 
Rms noise levels [ pm ] 
Interferometer sensitivity [ V/nm] 
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5100 
90 
300 
0.004 
1300 
90 
180 
0.006 
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Fig. 5 On-Epicenter ultrasonic arrivals on 25.32 mm thick rolled aluminum plate surface as 
received, using weakly ablating so Ul·ce. 
multimode Q-switched Nd:YAG laser. The laser source is sharply pulsed, depositing 100 mJ 
of 1064 nm radiation onto the sampie surface in 10 ns, although the extent to which this is 
absorbed will depend on material properties, like the surface reflectivity. Two of the surfaces 
examined were highly-polished, one on steel and one on aluminum, which had a higher 
reflectivity. The remaining two sampIes were unpolished aluminum: the surface of one was 
milled, while the final sampie was from rolled plate in the condition as received from our 
stores. The source characteristics were also altered by the insertion of neutral density filters to 
reduce the laser power, or focussing of the 3 mm diameter beam down to a minimum 0.5 mm 
to increase the power density. Generation in the low power density, thermoelastic regime 
occurs via thermal expansion of the region within which the radiation is absorbed. This 
creates a dipolar stress distribution in the surface, with a zero stress component normal to the 
surface as a result of the stress free boundary condition. The resultant waveforms (Figs. 2a, 
3a, 4a) are in accordance with theoretical predictions [5], in particular the shear (S) arrival is 
the most prominent for a thermoelastic source. 
With an increase in power density, ablation of the metal surface can occur, and anormal 
recoil force acts on the sam pie over the duration of the laser pulse, giving a positive spiked 
longitudinal wave (Figs. 2b, 3b). The longitudinal spike (P) is larger in amplitude on the steel 
than on the aluminum surface, despite the laser powers being equal (Tables 1 and 2), because 
steel has the lower reflectivity and thus absorbs a greater proportion of the laser pulse energy. 
As the power density is further increased to generate a weakly ablating source (Tables 3 and 
4), which predominates over the thermoelastic component, the largest amplitude P wave 
spikes are expected [6] and indeed seen (Figs. 4b, 5). Further focussing of the laser beam 
generates a denser plasma with a longer lifetime, producing a normal force with a time 
duration which is approximately Heaviside on the timescales of interest. The waveform 
observed from this type of source can be calculated [7], and is the time integral of that 
observed from a delta-function, which the weakly ablating source closely resembles. Thus, 
despite the higher power density, the longitudinal wave displacement is lower than in the 
weak plasma case (see Figs. 2c, 3c, 4c) as part of the laser energy is absorbed in the plasma, 
increasing its lifetime and thereby reducing the rate at which the energy is converted into 
ultrasound. 
Table 4. Data for Michelson interferometer measurements on rough aluminum sUIface 
Property 
Source laser power densities [ MW cm'2 ] 
Interferometer laser power [ m W ] 
Rms noise levels [ pm ] 
Interferometer sensitivity [ V/nm] 
Weak ablation source 
1300 
90 
200 
0.005 
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The interlerometer sensitivity is calculated [3] from the equation for displacement, x, 
x = v A, / (2n V) where, A, = wavelength of interlerometer laser 
V = unstabilised peak to peak output voltage 
v = amplifier output voltage (1) 
Since the sensitivity v / x (also presented in Tables 1 to 4) is proportional to the 
maximum peak to peak voltage variation as the interlerometer beams move in and out of 
phase, it will drop as the surlace becomes less reflecting and the intensity of light reaching the 
photodiodes decreases. The rms noise of the stabilised system, measured on the oscilloscope 
remained at 1.1 liO.l) mV throughout, despite changes in the interlerometer laser power as 
the neutral density filters were varied. From this we conclude that noise on the system is 
dominated by the 25 IlV input noise voltage on the amplifier (gain = 40) and not by the laser, 
for which noise is power dependent. The displacement noise level is proportional to the 
inverse of the sensitivity and thus increases as the surlace reflectivity drops. 
CONCLUSIONS 
We have demonstrated the advantages of using a diode-pumped frequency-doubled 
Nd:YAG laser as a green (532 nm) laser source in a particular modified Michelson 
interlerometer arrangement, and suggest its suitability for interlerometry in general. We have 
presented aseries of standard test waveforms obtained from a pulsed laser source in an 
on-epicentre through-thickness configuration on a number of sampIes with different surlace 
qualities. Elsewhere in these proceedings [8], we also present results of ultrasonie 
measurements on adhesively bonded joints using this interlerometer as adetector. The 
linear-polarised, single longitudinal mode properties of the laser, as weIl as its compactness, 
are highly desirable for interlerometry, and as available powers are increased these lasers can 
be expected to compete on favourable terms with the Argon lasers currently used as coherent, 
high-power light sourees. 
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